ABSTRACT BACKGROUND: Accurately diagnosing appendicitis can be difficult. This retrospective study aimed to evaluate the ability of the neutrophil-to-lymphocyte ratio (NLR) to predict acute appendicitis pre-operatively and to differentiate between simple and complicated appendicitis.
racy is questionable. Many authors have reported that a raised leukocyte count is a sensitive test for AA but is not diagnostic because of its low sensitivity. [4, 5] Further, atypical presentations are not infrequent, especially in the elderly. To overcome morbidity and mortality of perforation before surgery, a negative appendectomy is somewhat acceptable traditionally. However, in recent years, many have considered this unacceptable, and have studied means of improving the preoperative diagnosis, [6] [7] [8] since the operation itself is a cause of morbidity and mortality. In recent years, some authors reported that the neutrophil-to-lymphocyte ratio (NLR) is a predictor of inflammation and useful in the preoperative diagnosis of AA. [9] [10] [11] In this study, we suggest that calculation of the NLR may provide a sensitive parameter in the preoperative prediction of AA and may help preoperatively to differentiate complicated from non-complicated appendicitis. We also suggest that this parameter may prevent negative appendectomies based on its predictive value.
INTRODUCTION
Acute appendicitis (AA) is one of the most common causes of acute abdomen. The lifetime occurrence of this disease is approximately 7%, with perforation rates of 17-20%. [1] The mortality risk is less than 1% in the general population, but this number can rise to 50% among the elderly population. [2, 3] This entity has some well-known signs and symptoms, like increased leukocyte count and right lower quadrant pain. However, these predictors are not constant and their accu-had undergone open appendectomy for a preoperative diagnosis of AA between 2005 and 2013. The clinical diagnosis of AA was established preoperatively by means of clinical history, physical examination, traditional laboratory tests, and in some patients, by imaging studies like ultrasonography. Laboratory tests were performed on blood samples obtained on admission to the hospital. The leukocyte count and neutrophil percentage were measured by an automated hematology analyzer (Coulter ® LH 780 Hematology Analyzer, Beckman Coulter Inc., Brea, CA, USA). The upper limits of the reference interval for leukocyte counts were 4500-10300/µL.
One hundred and seventeen patients with a normal appendix, but who had another pathological process diagnosed intraoperatively that explained their presentation of acute abdomen, were excluded. Totally, the data of 1067 patients were analyzed. Pathology reports were used to determine whether the appendix was inflamed or normal. According to pathology reports, patients were grouped into two as positive appendectomy (G1) and negative appendectomy (G2) groups. For subgroup analysis, G1 was divided into two as complicated (G1a) and non-complicated (G1b) appendicitis according to the intraoperative findings. Complicated appendicitis was defined as gangrenous and/or perforated appendicitis.
Statistical Analysis
The data analysis was performed using the Statistical Package for the Social Sciences for Windows, version 17.0 (SPSS Inc, Chicago, IL, USA). Whether the distributions of continuous variables were normal or not was determined by Shapiro-Wilk test. Data were shown as mean±standard deviation or median (min-max), where applicable. The differences between groups were compared by using Student's t or Mann-Whitney U-test, where appropriate. Categorical data were analyzed by Pearson's chi-square test, where appropriate. The cutoff values of parameters for discrimination of the groups were determined using the receiver operating characteristic (ROC) analysis. At each value, the sensitivity and specificity for each outcome under study were plotted, thus generating an ROC curve. A p value less than 0.05 was considered statistically significant.
The recommended cutoff value of the NLR for positive and negative appendectomies was decided using ROC curve analyses. The recommended cutoff value of the NLR was based on the most prominent point on the ROC curve for sensitivity (0.653) and specificity (0.547). Because these two parameters indicated a cutoff value of 4.68, the recommended NLR cutoff value was defined as 4.68 ( Figure 1 ). The area under the ROC curve was 0.639 (95% confidence interval [CI] 0.591-0.687; p<0.001). For sub-group analysis, the recommended cutoff value of the NLR was based on the most prominent point on the ROC curve for sensitivity (0.708) and specificity (0.485). Because these two parameters indicated a cutoff value of 5.74, the recommended NLR cutoff value was defined as 5.74 ( Figure 2 ). The area under the ROC curve was 0.609 (95%CI 0.560-0.659; p<0.001).
RESULTS
The data of 1067 patients were analyzed. The mean age of the analyzed group was 31.22±11.9 (SD), and 66.5% of the patients were male. There were 170 patients in G2, and 897 patients in G1. In subgroups, there were 753 patients in G1a, and 144 patients in G1b. There was no significant difference in mean age between G1 and G2 (31.0±11.61 vs 32.3±13.28; Tables 1 and 2 . Intergroup findings are given in Table 3 .
DISCUSSION
Early diagnosis of AA is not always easy. The decision to observe the patient until the diagnosis becomes obvious or to operate early to prevent unwanted complications like perforation and peritonitis represents a serious dilemma for surgeons. An early operation may result in the removal of a normal appendix with a small risk of morbidity. [6] [7] [8] 12] AA is most likely an everyday occurrence in emergency units. Especially in rural areas, surgeons may not have imaging facilities. Further, presence of ultrasonography or computed tomography imaging may not help in achieving an accurate diagnosis. Thus, surgeons are still in need of an accurate and easy test to obtain the diagnosis.
Our results show that NLR with a cutoff value of 4.68 can significantly differentiate a normal appendix and inflamed AA. This value is much higher than the numbers given in previous reports, [9, 11] but less than the number reported by Ishizuka et al. [13] The sensitivity of this cutoff value is 65.3%, which means that a total of 65% of patients with histologically confirmed AA have an elevated ratio. The specificity of 54.7% is also low (thus a high false-positive rate). These low sensitivity and specificity values may be explained by the fact that only operated patients were included in this study; data about other suspected cases who were not operated or were medically treated are unknown. Another interesting finding is that the female to male ratio is significantly higher in the negative appendectomy group. This may be attributed to gynecological diseases mimicking AA. G1: Positive appendectomy group; G2: Negative appendectomy group; G1a: Complicated appendectomy group; G1b: Non-complicated appendectomy group; NLR: Neutrophil-to-lymphocyte ratio; PPV: Positive predictive value; NPV: Negative predictive value.
The cutoff value of NLR for complicated appendicitis was 5.74, with a sensitivity of 70.8% and specificity of 48.5%. With regard to sensitivity and specificity values, it seems NLR is more helpful in differentiating complicated cases. Our cutoff value is lower than the value (8.00) recommended for the differentiation of gangrenous appendicitis in the report of Ishizuka et al. [13] In the study of Yazici et al., [11] it was reported that the sensitivity is maximum when NLR is >3.5, but specificity and PPV increase steadily when NLR increases, and the most prominent values are reached when NLR is >5.0. There are very few studies on this subject, but all reported that NLR appears to have greater diagnostic accuracy than traditional diagnostic laboratory tests (either white blood cell or C-reactive protein alone). It is also reported that NLR on admission to the hospital is an independent predictor of positive appendicitis histology. [10] Further, lymphocyte counts may even fall in appendicitis, with the largest decrease occurring in gangrenous appendicitis. [7, [14] [15] [16] [17] This phenomenon may explain the higher cutoff value in complicated appendicitis. The significant rise in NLR in cases without complicated appendicitis may be explained by a greater increase in the number of neutrophils in comparison with leukocyte count in the beginning of the acute phase of acute inflammation.
In conclusion, according to the results of our study, NLR of 4.68 seems to be a reliable parameter to obtain a more certain diagnosis of acute appendicitis, and NLR of 5.74 may help to differentiate complicated from non-complicated appendicitis. However, a normal value for NLR does not exclude the diagnosis. To find the optimal NLR and to test its accuracy, prospective randomized studies are needed. The clinical evaluation by the surgeon should continue to take precedence.
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